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Introduction 

This design uses a wall-mounted panel. It adds to the functionality of todays non-programmable 
thermostats by taking into consideration the needs of users today, for example, the need to set the 
temperature several days in advance etc. It tries to achieve "Climate Control" while also giving the user 
the opportunity to save energy and reduce expenditure [8J. 
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Description of Design 

The programmable climate control is designed in the form of a wall mounted display.The entire PCC 
device can be divided into three panels: 

Panel A 

: This panel is a visual layout of the entire area that is to be under temperature control. This panel 
makes up the upper part of the device. The user can divide this area into zones that are to be 
maintained at similar climatic conditions at any time of the day. Each zone can consist of one 
room or a cluster of rooms. The zones are hardwired at the time of installation. This visual layout 
is color-coded so that a single glance at the panel should be able to give the user an idea of the 
temperature of the area. Areas that are cool appear in shades of blue while warmer areas appear in 
shades of orange. The temperature is also displayed in numerics in the upper right hand corner of 
each zone. 

Panel B 

: This panel is a cluster of LEDs for various purposes. It makes up the lower right part of the 
device. This panel is controlled by Panel C. The LEDs that make up this panel are: The days "Sun 
Mon Tue Wed Thu Fri Sat" The Month display andDay display for the Date The Time display 
(this switches from Start time to End time) The High temp display and theLow temp display for 
the temperature. 

Panel C 

: This panel is a control panel. The functionality of the system is to be provided by this control 
panel which forms the lower left part of this device. This control panel is a VGR-type panel. The 
buttons on the panel and their functionality are explained below: 

• Program: This is the button that the user must press to get the program mode started. The 
consequence of pressing the 'Program' button is that the 'Zone 1 button lights up. This acts as 
a prompt to the user to program the zone next. 

• Next: This button moves the user from one field to the next so that the user is not forced to 
memorize the sequence of actions he must follow or refer to a manual each time he sets the 
thermostat. The user presses "Next" every time he sets one variable. The next field to be set 
then lights up, indicating that it is to be programmed next. The sequence in which "Next" 
lights up the functions is: Zone, Day, Date(Month, Day), Time(Start time, End time(hour, 
min)), Temperature(Slider, arrow buttons), Set/Cancel. 

• Zone: This button is pressed to get to a particular zone the user wants to program.When this 
button is pressed, the 'Zone' LED lights up the next zone in succession. If kept pressed till 
an entire cycle through all zones is completed, the letter 'A' representing 'all zones' appears 
in the LED. This procedure is followed when the user wants to program for the entire house. 

• Day: This is a button that is pressed to get to the desired day. When this button is pressed, 
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the 'TW LED liehts up the next day in succession. This function is used to program for a 

day of thfweek, for example, when the user wants the same temperature control for 
Sonday of every week! If the" Day" button is kept pressed till an entire cycle is 
corned (for example, Monday to Monday), all seven days on the LED light up. This 
procedure is followed when the user wants to program for an entire week. 

. Date' This function is used if the user wants to program for a day that is more than one 
w k away: Xn the ' 'Month" display on Panel B is lit up, the 
Tan be kept pressed till the month displayed reaches the desired month. Nex 
aeain to set to the Day" field. The "'Day" display now lights up. The Date button is kept 
;? seS S Ae L increases to the desired date. The range of the Month display £ from 1 
to 12; the range of the Day display is from 1 to 30/31 (whichever is applicable). Th month 
and day keep cycling within this range. 

. Hour: This button is used to set the timer on the device. After the day has been! set the user 
needs to increase or decrease the hour shown on the time display on Panel B The user 
Teeps pressing the button till the desired hour is displayed. This button is used to set the 
hour of both the Start time and the End time. 

. Min: This button is used to set the timer on the device. After the hour ^^^^'^^,1'^!^.^^' 
needs to increase or decrease the minutes shown on the time display on Panel B. The user 
£eeps Pressing the button till the desired minutes are displayed. This button is used to set 
the minutes of both the Start time and the End time. 

. Slider The slider has three distinct positions: Low, High, Temperature. They appear on the 
Sder i S bonier from left to right K also has a light above the slider which hghts up 
when the user must use the slider. The 'Low' and the 'High' positions are used to set a ^ 
temperature range while the Temperature' position is used to set a particular temperature^ 
ThThas been designed as a slider because we feel that the users will be more > com ortab e 
with selecting between options in the slider mode. Buttons for each one of them might be 
confusing. 

. Arrow Buttons: There are -up" and "down" arrow buttons. These arrow buttons are used in 
setting the temperature or temperature range. The "up" arrow button increases the 
temperature. The ' "down" arrow button decreases the temperature. 

. Sef This button is pressed when the user wants to activate a certain temperature selection 
that he has just programmed in. The user could do this at several points dunng 
programming or at the end of his entire programming session. 

. Cancel - This button is pressed if the user looks at the display after he has just finished . 
pr^amming, and realizes he has made a mistake. He can press the 'Cancer button, which 
then cancels all programming done since the last time ' Sef was pressed. 
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Rationale for the Design 

t a on the wall This in itself makes it easy for users to adapt to since users are 
• This device is mounted on the wall, i nib 

"demand as itfias both a color-coded and numeric 
' representation of the current temperature a .each zone 

. The control panel is fairly easy to master » ■« 1^ is 10 essentially guide the user 

field he is manipulating. 
TMs design satisfies mosto^ 

document. It is economically viable, and ^te 1 ^ ' 0 " ,„ , he user . The user must 

.XHetemperatuteinVatiouszones in rhe home can he conuol.ed from a smg.e locatron we assume 

the existence of a 
. Temperature of the entire home can be set 

. A desired temperature range for a zon •=»J»J£ d for various times and zones using a timer 
. Temperature for various zones can be programmed lor 

based system 



Segments of the home could be controlled 



YusufGoolamabbas 

Fri Nov 4 1 7:52:32 EST 1994 



h ^ :/TO ,a,e^ 



9/20/2004 



Some Scenarios 



Page 1 of 3 





Next| 


ufJ 


Previous | 


Contentsj 



Next: Limitations in our Up: Design 1 Previous: Rationale for the 



Some Scenarios 

In the following scenarios, Joe is our fictitious user. We have assumed that before trying out the device 
he has read the user manual provided along with the product 

Joe wants to set a specific temperature in a specific room 

Joe presses Program to get into the program mode. He selects the room by cycling through the 
zones using the zone switch on panel C till the required zone is displayed on panel B . Next he 
moves the slider on panel B to "Temperature" to indicate that he is selecting a specific 
temperature and not a range. He then uses the "up" and "down" arrow buttons to increase or 
decrease the temperature respectively till the desired temperature is reached. This temperature is 
displayed on panel B. Joe then presses "Set" to activate the program. 

Joe isn't sure of the exact temperature he wants 

Joe isn f t sure of the exact temperature at which he would be comfortable so he would like to set a 
"Comfort temperature range" He presses "Program", then selects the room by cycling through the 
zones using the zone switch on panel C till the required zone is displayed on panel B . Next he 
moves the slider on Panel C to low' to set the low end of the temperature range that he would 
like. He then uses the arrow buttons to set the low temperature. He then moves the slider on Panel 
C again , this time to 'High'. He then uses the arrow buttons to set the high end of the temperature 
range. The PCC responds to a temperature range by cycling through the temperature range 
selected i.e. gradually increasing from "low" to "high" then decreasing back to "low" repeating 
this cycle till it is reset. Finally, he presses "Set". 

Joe wants to set the temperature for all days of the week 

Joe presses "Program", then selects the zone he wants to set the temperature for using the zone 
button on Panel C. He then presses the "Day" button. This button if kept depressed lights up each 
day of the week in succession; if the button is still depressed after one entire cycle is completed, 
all days on the display in Panel B are lit up. Joe then goes ahead and sets the temperature as he did 
in the cases above. 

Joe wants to set temperature for different zones in advance 

Joe wants to set the temperature control for the day, but with different temperatures for different 
zones at different times of the day. Let us take an example here . Joe wishes to keep zone 1 always 
at 65 F , Zone 2 at 70 F during the hours of 9.30 am to 4.00 pm and at 77 F from 4.00 pm to 9.30 
am . Also Joe is going away on business for some time and he wishes this action to begin twelve 
days from now. 

Joe first presses "Program" and then selects Zone 1 via the zone button on panel B. Once the zone 
has been selected, he presses "Next" twice to skip "Day" and get to the "Date" function. The 
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Month display on Panel B lights up, and Joe uses the "Date" button to get to the desired month 
He then presses the ' 'Next" button which lights up the ' 'Day" display of the Date function. Again ' 
he presses the Date" button on panel C till he reaches the desired date. Next, he moves the slider 
to Temperature to indicate that he is selecting a specific temperature and not a range . Joe then 
uses the arrow key on the far right of panel B to adjust the temperature to 65 F . He then depresses 
the set button to activate the programmable climate control. 

For the second case , Joe first selects zone 2 by the same procedure as described above He then 
selects the day which is also described above. He then presses the "Next" key on panel B till the 
words Start Time" is displayed in panel C . This indicates that he is now setting the start time of 
his desired setting . By pressing the 'hour 1 button on panel B, he increases the hour on the display 
on Panel B till it displays "09". By pressing the 'minute' button, he increases the minutes 
displayed on the time display on Panel B till it shows "30". Once the start time has been set he 
presses the Next" button again; this now causes ' 'End Time" to be displayed in Panel C The 
time display on Panel B starts at the default time that has been just set as the 'start time'. Joe sets 

pE5£ !n » iSX P ? Ced J ure he used t0 set the Start tirtie - He presses the hour button in 

Panel C till 16 (4 pm) is displayed in Panel B, and then the minutes button till "00" shows on 
Panel B He then moves the slider on Panel C to "Temperature", and uses the arrow buttons to 
ad|ust_the temperature till "70" is displayed on the temperature display on Panel B He follows 
essentially the same procedure to set the temperature for the hours between 4pm and 9:30am. 

Joe wants to set the temperature for all Wednesdays hereafter 

Joe follows the same procedure as above for selecting the zone. He selects the day as follows Bv 
repeatedly pressing the day button he can highlight successive days on the display till the desired 
day is highlighted. Let us assume that he is programming this on a Sunday. He would have to 
press the Day button thrice to get to Wednesday. He then follows the same procedure as before 
for setting the temperature. ' 

Joe wants to program different zones for that specific day 

Joe wants to set the temperature control for the day, but with different temperatures for different 

a^V 7^71X% f 6 t y K Let us m example here • Joe wishes t0 kee p zone 1 alwa y* 

at 65 F , Zone 2 at 70 F during the hours of 9.30 am to 4.00 pm and at 77 F from 4.00 pm to 9.30 
am 



Joe follows essentially the same procedure as above, except that he does not have to use the 

% 7 * ^ ? Ctl ° n tWs time - If the day for which *" temperature is being preset is not 
specified, the default is the current day. So, Joe presses "Next" till he gets to the tinier settings 
Any settings now made by him will over-ride previous settings he had made for today 
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Limitations in our Design 



however, providing a budgeting function. 
Another—, wenien,^ 

them on the press of a button This hasn t b^com^s temp erature requirements, one 

towards the final design. 

-ST^ — a e.ean interface ,o enter a,p_e 

passwords on the system . 



Some more limitations which were observed: 



. Needs of special groups were not addressed 
in a large house 
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Introduction 

This design is a synthesis of two different input modalities. The premise behind the design is to allow 
the user easy access to current functionality offered by non-programmable thermostats, as well as to 
offer the flexibility of the proposed climate control device 
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Description 

Theclimate control device (CCD) in this design will be a wall-mounted panel, approximately 5"x8'\ that 
is composed of two components - the basic thermostat, and the touch-screen. The user can decide which 
component to use by flipping a switch that is situated at the top of the panel, at the junction of the two 
components. 



Basic Thermostat 
Touch-Screen 
Terminology 
Actions 

Effects of Actions 
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Basic Thermostat 

iong with one added option, as deta,led below . 

between the two]. 
. Set a speeiBetempera.ure.hatwn.be used for the whole house. 

. analog scale. This temperature will 

iiayuicvwiviiv v r — - . -r^+u^ 

. , . , « . , .1 A i ;^ ^rtunt^n- it Wl 

be the temperature of the room in 1 
zones/rooms, if the user has 
temperatures for each zone. 



within. 

^ basie «— will also display ^^^^^^"1^ 
"S^h^ 



This component of the CCD is thus more m 
current users of household thermostats. 



echanically oriented, and as such should be familiar to 



Yusuf Goolamabbas 

Fri Nov 4 1 7:52:32 EST 1994 



mM .^^^™- g ^clirna.e-2/nodelXh.nr, 



9/20/2004 



Touch-Screen 



Page 1 of 1 



Next | Lip) Previous | Contents | 



Next: Terminology Up: Description Previous: Basic Thermostat 



Touch-Screen 

This component of the panel is a black-and-white touch-screen that offers most of the programming 
functions that were specified in the interface specification document. These functions are listed below: 

• Program in the following information: 

o Default screen shows current temperature in all the zones. 

o Daily schedule. This would be used to set preferences on a daily basis. 

o Weekly schedule. This would be used to set preferences on a weekly basis. 

o Set date and time. 

• Set a budget value for use by the device. The user can turn this option on or off 

• Set a range of temperature that limits the temperature in the house. 

• Save and recall programs. 



• Use the override function to temporarily suspend current program for a limited time period. 

All the options that are offered within this component can be used on zones, and also allow the user to 
program in the humidity andairflow parameters. 

All the values that the user needs to input during the course of using the programming capabilities of the 
CCD have default values built in during manufacture. Thus, when the user accesses the CCD for the first 
time, there will be values in the input fields. The user can choose not to modify some values. Also, after 
the first pass through the system, whenever the user brings up a screen, the current values for the fields 
in the screen are displayed. Thus the user need not re-enter all the values every time through the system. 
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Actions 



The input modality for this component is tactile; thus, there is only one action that the user makes to 
interaTwiXthe touch-screen - a touch. However, the touch-screen does differentiate according to the 
SofTe oucHf the user touches a touch-sensitive region for less than a predefined time, die touch 
thTho d then *e touch is taken to be a single discrete touch. This will result in the device performing 
Sees that are appropriate to a single touch of that area. If the touch time exceeds the threshold then 
mTdfv ^cfwiU perfZ changes warranted by multiple touches to that area. This type of touch will only 
De mapped in cases such as changing values in fields where multiple touches have significance. 
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Effects of Actions 

Any action (touch) by the user within a button can result in one of the following effects occuring: 

• Selection: This happens when the user touches a menu button, or list button. In this case, the 
button which is touched is highlighted, and, if the button was a list button, any other button in the 
same list that was previously selected, is returned to normal mode. 

• Value modification: This occurs when the user touches a field button. It causes the button to be 
put into blink mode, and the < and > buttons to be emphasized. 
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Rationale 

The following points were considered, and used to foimulate this design: 
Minimum Cost for maximum functionality 

Ease of input 

?£z^zz%r used in order to faciii,a,e the betw - u - - ■» 

Spatial consistency 

' s^reeT* '' S '' WlK " reqUired ' iS <dway! present as a colunm ° n «* «treme right of the 

Visual consistency 
Mode information 
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screen. 



time. 
1. 



MAIN MENU. This menu has five options in it, as described below. The user needs to select one 

' bSrorluchL Cancel button which is also present, to go back to the mam menu. 
1 DAILY. This screen has the following components within it: 

■ Zone list This selects the zone the user wishes to program. Note that the list 
also consists of a button marked All, in case the user wishes to operate on all 
the zones. 

. The < and > buttons These are used to change the values of the filed buttons in 
the screen. 

- The Cancel and Apply buttons These are used to return to the previous menu, or 
to put into operation the program the user just entered. 

. Field buttons There are five field buttons in this screen - Hour, Minute, 
temperature, Airflow, and Humidity. 

2. WEEKLY. This screen is similar to the Daily screen, with one addition: 

■ Zone list 

■ The < and > buttons 

m The Cancel and Apply buttons 

. Field buttons These are the same as the field buttons in the Daily menu. 

■ Dav list This is a list of buttons representing the days of the week, and are 
pre^el horizontally across the screen at the top (just 

The user selects the day he wants to program, and does this for each of the days 
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that he needs to program for. 

3. SET DATE AND TIME. This screen consists of the following components:* 

■ The < and > buttons 

■ The Cancel and Apply buttons 

. ■ Field buttons These are the Hour, Minute, Day, and Month buttons. 

2. Temperature Range.This screen allows the user to set a limiting temperature range for 
each zone. The screen components are as follows: 

■ Zone list 

m The < and > buttons 

■ The Cancel and Apply buttons 

■ Field buttons These are the Low Temperature and High Temperature buttons. Their 
values are for setting the low and high limits on the range. 

3. Override. This allows the user to specify a start date and time, and an end date and time. 
Along with each of these, the user can also specify the temperature, humidity and air-flow. 
The screen components are: 

■ Zone list 

■ The < and > buttons 

■ The Cancel and Apply buttons 

■ Field buttons These are the Hour, Minute, Day, Month, Temperature, Humidity and 
Air- flow buttons. 

4. Store and Recall programs. 

1 . STORE CURRENT PROGRAM. This brings up a list of 8 slots. If there is already a 
file saved in any of the slots, then it will so indicate. The user needs to select one of 
the slots, and then select the Apply button. The screen components are: 

■ The Cancel and Apply buttons 

■ The < and > buttons. 

■ The Save Slot buttons These either contain an indicator that they are occupied, 
or they are empty to indicate that the corresponding slot is empty. 

2. RECALL STORED PROGRAM. This is identical to the Store Current Program 
screen, except that the user can only select a filled slot. 

5. Budgeting. This functionality allows the user to input a value for the cost per unit of the 
devices controlled by the CCD. The user can then enter a value for the amount of money 
that he wishes to spend on heating/cooling. Based on these two values, the CCD will 
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calculate an average daily value to be spent, and will cut off the power usage when the limit 
is exceeded. The screen components for this function are: 

■ The < and > buttons 

m Field buttons These consist of the Monthly budget and the Cost per unit buttons. 

■ The Cancel and Apply buttons. 
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Scenario 

Consider a user who wants to input a weekly schedule in the CCD, and wants to save it for future use. 
Listed below are the steps which the user would take in order to accomplish this task: 

1 . Turn the Switch on the CCD to Trog' 

2. Press the Start button on the default screen to bring up the Main menu. 

3. Select the Program button from the five options available on this screen. 

4. Once in the Program screen, select ^Weekly button. 

5. This should now have brought up the Weekly screen, with all the components as described above. 

6. The user selects the zone that he wants to program (say he starts with Zone 1). 

7. Then the user selects the day of the week from the day list. If the user is satisfied with the default 
values for any of the days, then he does not have to modify that day at all. It can be skipped, and 
the user has to alter only the days that he wishes to modify. 

8. For each day that the user wishes to modify, he can select the Hour button, and modify its value to 
an appropriate hour using the < and > buttons. He then repeats this for the Minute button. Once a 
time is set, the user can select any (or all of them one after the other) of the Temperature, 
Humidity, and Air-flow buttons, and modify their values using the < and > buttons. 

9. The user repeats the above step for each climate change that he wishes to make on that day. 

10. The user can change zones at any time during the procedure to program another zone by selecting 
another zone button. 

1 1 . The user selects thcApply button after he has finished programming in all the relevant time- 
climate-day-zone combinations. This should take the user back to the Main menu. 

12. Now the user needs to save the program he just input. The user selects the Store and Recall 
program button. 

13. The user selects the Store Current program button from the new screen. This should bring up a 
screen with 8 slots, each of which can have a program saved in it. If the slot has a program saved 
in it, the display indicates so by showing a date and time in the slot. The date and time indicate 
when the program was saved. The user can use the < and > buttons to move through the slots until 
the slot he wants is highlighted. 
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14. The user then selects the Apply button. This will save the current program in the highlighted slot, 
and will bring up the main menu. ~ . 

The important aspect of the above steps is that once the. user is at the appropriate screen (the Weekly 

m i C8S ?' HZ? 5? C ° mpIete flexibility W * h re 8 ard t0 the order in which ^ wants to input 
values or days or times^ The CCD remembers each different combination of settings, and saves them 
when the user selects the Store Current program button. 
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Discussion 

This section lists some of the advantages and disadvantages of this design. 



• Advantages 

• Disadvantages 
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Advantages 

This has already been discussed, although obliquely, in the Rationale section. However, here are the 
pints again: 

• The design offers convenient access to current functionality without diminishing the programming 
aspects of the CCD. 

• The design allows the user flexibility in modifying values within a screen. The user need not 
follow a set path. 

• The design implements the following features that were mentioned in the interface specification: 

o Zones 

o Daily, weekly, and override programming 
o Budgeting (in a limited fashion) 
o Control of Air-flow and humidity 
o Storage and recall of programs 

• The design follows, at least partly, the guidelines of visual and spatial consistency. 

• The design offers the user ease of input through the use of a touch-screen. 

• The design is simple without losing any functionality. 
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Disadvantages 

The main disadvantages of the design are listed below: 

• Visual cues are of a limited nature due to black-and white screen. There are no audio cues for the 
user. 

• The design does not take into account the needs of special groups such as the elderly and children. 

• A mechanism for locking the panel was not implemented. 

• The design uses a single panel. This would be inconvenient in case of a large house. 
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Introduction 

In this design , information is presented to the user in a combination of graphical, analog and digital 
formats. Information will be cued with color, position, voice and text, and it is presented only when 
needed. Thus,screens will remain as uncluttered as possible. The principles of flexibility and feedback 
were major considerations in the construction of this design. Accessibility for the disabled was also a 
consideration. 

Design features were based on our findings about recent empirical research, in order to make the system 
appear familiar (intuitive). 



Yusuf Goolamabbas 

Fri Nov 4 1 7:52:32 EST 1994 



Description 



Page 1 of 1 




Description 



• System C omponents 

• Individual Panel Descri ption 

• Ph ysical Har dware of Main Panel 

• Main Panel Descriptio n 



Yusuf Goolamabbas 

Fri Nov 4 1 7:52:32 EST 1994 



VittrWAinTrm natenh p/1u/rnmnntino 



\ n *M*«*r*lc.*W 04 f a 11/gmiif Wr.Hm a te-9/nnr^9.S html 9/20/2004 



System Components 



Page 1 ofl 



Next | Lip] Previous | Contents) 



Next: Individual Panel Description Up: Description Previous: Description 



System Components 

This design includes: 

• one 8"xl0" main, wall-mounted touch screen panel for: - programming main instructions 
straightforward, linear tutorial interface 

• smaller 3"x5 M , individual thermostats panels in each room providing only: 

o an actual thermostat, 

o a digital reading of the programmed temperature and time information, 
o up and down arrow buttons to adjust the digital temperature 
o 3 feedback lights next to mode buttons with verbal labels. 

■ Comfort (pink light) 

■ Setback (conserve/budget) (blue light) 

■ Temporary over-ride (yellow light) 

o A Fan switch with an On/Off lever (This option needs further research) 
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Individual Panel Description 

We compared more than a dozen descriptions of existing thermostats, most of which had a few simple 
controls LUl [71 [11. The individual panels give the user the simplicity and control they have come to 
expect ^ system gives more system state feedback than most existing thermostats. Like most 
thermostats, this system also allow an individual to over-ride the program in cases requiring non-typical 
temperatures. This system appears simpler to understand and use than the complex assortment of dials 
seen on industrial HVAC digital control centers. 



Individual Panel Design 



Bv pressing,user may manually increase or 
decrease heat, over-riding program 



When lit indicates 
system is calling 
for heat 



When lit indicates 
system is calling for 
cool 

labels afford — ~ 
pressing, facilitate 
recogniuon of 
states 



User testing can 
compare "over-ride" 
"manual" and "adjust" 
as possible words 



Number indicates 

Zone program 

for room - subdued 

contrast to reduce 

clutter w t t 

Label is 
visible from 
front for tall users 
Subdue contrast to 
discourage use, see 
text for explanation 




large, readable 
display, changes 
when user adjusts 

time 

labels and 
tick- marks 
recommended 



mark al lows user 
to compare 
temperature, bar 
moves when user 
adjusts temp 



3 mode lights 
indicate system 
state, offer 
immediate user 
feedback, also 
remind. 



Manual Fan turn-off/ on 
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1. Comfort mode: room in use (pink) 

2. Setback Mode: conserve energy /budget (blue) 

3. Over-nde will remain off unless pressed (yellow) 
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Digital reading 
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Temporary System State Feedback 

^^^vX^J^^f^ ^ ^bf heat or 

pressed and turn off when ^system Zt LchedTe se, oo'in,™ if """ SW " ch on whe ° 
pressed depending on whether L system E^to^S^S." b °"° m 

User flexibility 

The user will no, be required «o select buttons in any particular sequence. The user may press 
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over-ride and nothing else to kick in the "comfort mode" and the blue light will go off and the 
pink (comfort) light will go on along with the yellow light. Or, alternatively, if the user chooses to 
press the arrow keys, only the yellow light will go on and the user will have the ability to enter 
any number desired. Pressing the arrow keys directly indicates the users desire to directly 
manipulate the numbers, and thus the comfort programming would not be invoked. The lights 
provide immediate feedback and attract attention to remind the user that he is over-riding the 
system's conserve mode. The panel provides a naive guest enough information to operate it, and 
reminds children that the parents don't want the heat on in this room. It reminds the user himself 
of what he has done, so that he does not think the system itself is faulty. 

Voice Feedback 

An optional voice message could augment learning by saying, "you have selected the comfort 
settings, the temperature will now adjust to comfort levels." But once the user has learned how to 
use the system, such voice messages may be turned off. 

Fan Option 

Our research shows that moving air is a cheap and necessary way to move hot air, provide better 
readings, create a sense of coolness. Although we would like the user to have the flexibility to turn 
the fan off, in most cases it should remain on at all times for optimal heating, cooling, air quality 
and performance [5J. We have included the fan off/on switch because most current thermostats 
have it, and we thought an elderly user may wish to turn off the fan manually, if the air, vibration 
or noise is bothering his/her hearing device or drafts bother him/her. We would include an 
automatic feature to turn the fan back on because users would tend to walk off and leave the fan 
set to off. 
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Main Panel Description 

The main panel would contain the primary interface where the user could enter all pertinent data about 
daily, weekly and yearly schedules for work, vacation and school. The user could also enter information 
concerning budget, air quality needs, energy and conservation concerns. 

Metaphors Used in the main panel 

The metaphors used would be those the user is familiar with: 

• an analog clock for setting and visualizing comfort and setback periods 

• a weekly calendar segment for setting and visualizing the weekly routine. 

• a floor plan for setting and visualizing zone temperatures. 

. Word metaphors for our daily routines such as work/ vacation and leave home, return home 
sleep. Work equivalents might be opening, closing, storage, toxic. 

• Season metaphors such as Winter and Summer for separate heating and cooling programs 
Factory defaults can be set for the region in which the unit is sold. 

Main Working Tutorial Screen 

This screen will included 4 labeled graphical icons for: 

• Schedule 

• Zones 

• Budget 

• Air quality 
Budget 

there will be no dollar defaults for budget. Unless budget is a consideration, the program 
will follow the temperature information programmed in Schedule. If an amount is entered 
the system will calculate the probably temperatures allowable for that budget. 

Schedule 

Users will be prompted to enter information about their schedules and room use They will 
not be asked to enter temperature amounts for each room at different times, which requires 
them to make calculations and inferences. Rather, they will be asked about their daily 
weekly schedules and use of the house, things they know well. The temperatures will 'be 
inferred by the system from general information about comfortable temperature for human 
use, budget limits and energy conservation beliefs. The system will tell them what 
temperatures have been selected for them, and the user will be given the opportunity to 
lower or raise them if they are unsatisfactory for some reason. 

Zones 

Users will use word/metaphors like active use, sleep, storage or empty to identify uses of 
room. The system will automatically assign temperatures periods for those zones according 
to the users schedule inputs. The user will be asked to review the programmed result and 
allowed to change it. 
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Air quality 

Air quality is a prime consideration in businesses and homes because of improved 
construction and more filtered air. If allergies and pneumatic sensitivity is a problem, the 
system will over-ride energy considerations and circulate outside air, turn on fans, and 
direct air through filters. 

Consistency throughout the design 

The system will have two main Modes: Comfort and Setback These are the terms currently 
used by programmable thermostats in my research. These pink (comfort) and blue (setback) 
mode colors will be constantly reinforced and indicated by the color of the lights on 
individual panels, by the labels and the colors on the clocks, the floor plans, and the 
calendar. 



Querying the User to create the Interface 

There will be two sequence patterns available, that the system will choose for the user. The 
user will prompt the user to enter information about their schedule, depending on the 
resulting information, the system will thereafter automatically present either the " step-by 
step" method if the system has not been used in a while or the "quick menu" choices if the 
system has been accessed recently. The option to chose the other method will be available 
as well. 
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Schedule 



<J 





Learning the system and entering data 

The learning mechanism and input modality are as follows 
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Step-by-Step Tutorial 

A step-by step visual tutorial will teach and then remind the user how the interface works. 
Each new feedback cue will be used consistently in the same way each time it is used. The 
user will have few options, and when options are required, flashing lights will indicate 
where the user should press. Research shows that flashing lights cause users to consistently 
press a button with no other indication[10]. 

Flashing Lights 

Flashing lights are an excellent visual cue to direct user action by combining movement, 
light and color. (Perceptual attention is listed in that order). The usual drawbacks of flashing 
lights occur with repeated use, i.e. flashing lights can quickly become irritating, or they can 
be ignored in an interface that is used on a regular basis. However, this interface will be 
programmed once every few months and then forgotten. So each time it is used, it must be 
re-learned. The lights will not become irritating or ignored. Rather, they are a useful cue to 
direct the user to the next item needing to be responded to. 

Two methods for Occasional and Frequent users 

Since the main interface will be programmed only occasionally, there will be very few "expert" 
users. Almost all users will be novices when first using this interface, and by the second time they 
use it, they will have forgotten how to do it, and be novices again. Users may have more or less 
computer experience and have different attitudes towards mechanical devices; other users may 
have mechanical backgrounds, but they will all be novices in using this interface, and there will be 
no opportunity or reason to use the interface on a daily or weekly basis. Thus, no user will ever 
acquire a learned response to the interface. Hence, the interface must remind and prompt the user 
to use it. In the event that a user has a schedule so erratic that they cannot identify any consistent 
schedule, that user will probably use over-ride mode to simulate a conventional thermostat. If a 
user has a work schedule that changes often, but has some sequence of patterns, an alternative 
menu will be invoked for that type of user, allowing the user to select from a menu of work 
schedules, labeled by the system, "work 1" "work 2", "vacation 1" and "vacation 2" 
Step-by step method 

The first will be the Step-by step method, the system's default method. This is assuming a 
user who programs the device several times a year, and has a standard 9-5 work day, 
weekends at home, and an occasional two week summer vacation with a few weekends 
away. This user will need to be walked through the system each time it is accessed. 

Advanced, Quick Menu 

There will be a user who holds down three part-time jobs or 24 hour service jobs that 
fluctuate, such as police and nursing. This user may have 3 or 4 work schedules that he or 
she may wish to access. Other users may be traveling executives who wish to activate 
business trip mode for a few days in a hurry. (This may be differentiated from vacation 
mode, because in the former, heat is left on in the kitchen for the dog, whereas the dog 
comes along on the vacation trips, and no heat/cooling is necessary at all.) This user needs a 
menu of options that he/she can quickly plug into a calendar on a regular basis. 



Next] "Up] Previous| Contents | 



Next: Rationale Up: Description Previous: Physical Hardware of 



hnn://www.cc.eatech.edu/comt)utine/classes/cs675 1 94 fall/erouDc/climate-2/node29.html 



9/20/2004 



Main Panel Description 



Page 4 of 4 



Yusuf Goolamabbas 

Fri Nov 4 1 7:52:32 EST 1994 



Rationale 



Page 1 of 2 





Next] 




Previous| 



Next: Scenarios Up: Design 3 Previou s: MmnPandDe^^ 



Rationale 

. What people are used to and expect. Our system provides the minimum of ^ctionality ^lready 
provided by a thermostat. It also combines all the features we identified were de rabb n our 
research HQ People expect to be able to turn on the heat, AC or fan in a room if it is co d, hot or 
stX redely. Users also expect to be able to read the temperature. All thermostats provide a 



clock. 



Criterion Identified by Research Minimum Requirements: the terms comfort and setback are used 
eenerZ a five degree temperature swing is too wide for comfort. An overall swing of 3 degrees 
h^mLmum, 2 degrees is ideal, a 5% variation in humidity should display current set 
teleraUv Mno all did) Setback and comfort temperatures are clearly identified for energy 
saTngstnd human comfort, 68 F to 70 F during the day for comfort. 60 F whi e away from home 
and 55 F at night. These temperatures can be automatically set for the user LUJ- 

De ttrogm a nSming several different setback and comfort periods for each day of the week, 
o over-ride the settings at any time 

o thermostat remembers how long it takes to warm up the house 
o independent programs for cooling and heating 
o uses a minimum of buttons and straightforward sequence of steps 
o should not require odd combination of keys or follow a complex sequence of steps to 
program 

o show when the unit is calling for heat or cool 

o keep track of money you spend on fuel 

o easy to read (large) display 

o remove thermostat from wall to program changes 

, Issues not implemented Many fans and air conditioners had remote controls to control air flow 
and Smpe 2 which would" be a great boon to the disabled and couch potatoes. However this 
option was not considered because of time and space limitations £3]. Some users may imtoal y 
associate blue with cool in the summer and thus feel comfort mode should be blue. But We think 
h s wm be learned and overcome. We would prefer for the user to be ab b * *™ 
names for the schedules rather than workl , work2 and vacationl , vacation2 assigned by the 
system BuUhat would require some kind of keypad, or a menu of items to select and choose. This 
would be complex. 
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Scenarios 

Initial Screen 

The screen will be empty except for the text and a flashing "thumb-print" icon. The thumb-print 
will offer an affordance to touch with the finger. The initial screen teaches the user to touch the 
screen with finger to initiate action and to learn the visual shape and color of the flashing thumb- 
print icon Text reads and voice says: "Touch flashing light to program thermostat." When the user 
touches that screen, the "working" main Tutorial screen appears: 

Main Working Screen 

This screen will included 4 labeled graphical icons for: 

• Schedule 

• Zones 

• Budget 

• Air quality 

General Principles 

User Prompts appear when needed rather than a toolbox on screen; boxes will appear when action 
needs to be taken by the user, and the options will always be indicated by flashing of radio buttons 
or single button. After presenting the systems defaults the user will always be prompted. Two 
boxes will flash alternately indicating the user must make one selection. 



• Change 

These options will remain on the screen at all time, in the event the user wants to stop, makes a 
mistake, gets tired, or has to leave in an emergency. 



Step-by Step Tutorial Method 

The step-by step user will always be prompted to view the defaults first. The Quick menu user 
will have the option of seeing a menu presentation of the choices already programmed by the user 
for adaptation and re-use. 

• First Time Use The menu appears with 4 graphical icons and the cancel/save/quit buttons. 
The user will be told in voice and text and animated visuals what defaults have been pre- 
chosen. This presentation introduces all language to the user, all colors, all metaphors, and 
shows the user what the visual result looks like. Showing the user the programmed default 
screen will have the effect of an animated tutorial. Voice and text will tell the time, 
temperatures of the comfort and setback modes for a typical pre-programmed day. The 
animation shows a clock hand flashing, and moves clockwise leaving a pink color over the 
white surface. Digital times in boxes labeled "wake-up", "leave home", "return home", 
"bedtime" correspond to clock hands as they move the time. The voice indicates the weekly 



• Keep 



• Cancel 

• Save 

• Quit 
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schedule is for Monday thorough Friday. A series of seven boxes labeled Sun-Saturday 
appear at the bottom of the screen. The boxes fill with blue/pink ribbons that linearly 
correspond to colors of clocks. The Saturday and Sunday schedule is left blank. A quick 
visual look will tell the user if this schedule is mostly setback or comfort by seeing the 
approximate, amount of color in the boxes and clocks. 

• Making Changes The voice/text prompt the user: "Would you like to change this 

schedule ?" Radio buttons appears and flash alternately indicating the user, must make one 
selection. 

o Keep 

o Change 

If the user selects change, the same visual appears, only without color. The first digital 
box's arrow keys flashes while the thumb-print icon on the clock handle flashes as well. 
Indicating that the user must select one or the other option. The system will prompt the user 
to enter times for wake-up, leave home, return home, (a 2nd leave and return home) and 
sleep When this information has been set, the weekly schedule boxes appears below. The 
system will direct the user, "Press the days of the week that this schedule be in effect." The 
user will press the day(s) and they will be filled with a pink/blue ribbon corresponding to 
the choices he/she made. The user will be asked if they have a second work schedule to fill 
out. (work schedules may be unlimited) The prompt will appear: 

o yes 

o no 

If the user says yes, the system will say, "We will call this work 1" and process will 
continue with work2, work3, work4, etc. 
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Additional Features 

Yearly Calendar 

When the user has entered all work schedules, the system will introduce a weekend schedule and a 
vacation schedule. Each will follow the same procedure and the system will assign the name and 
tell the user to wnte it down. Then, the system will prompt the user to fill in all known vacation 
dates in the weekly schedule. There will be an option to flip through the week boxes, revealing up 
to a year of dates. A vacation or business trips can thus be scheduled to turn on. If, when the user 
has entered all the data and the additional schedules exceeds 5 total work/ vacation modes or if 
the system is accessed on a weekly basis, the system will prompt the user with the quick menu 
mode when the system is accessed. Otherwise, the tutorial will be invoked. 

Heating and Cooling Modes aren't users concern 

If users do not have a separate work schedule for different seasons (like teachers), the system will 
assign and save separate work schedules to two modes: Summer (cooling), and Winter (heating) 
make the adjustment for the season and prompt the user for approval/change. A comment from the 
questionnaire indicate that users would be happier not to have to bother with changing over 
settings for the seasons. And since preferences in temperature do not vary widely statistically and 
still can be adjusted m the over-ride mode, users need not be bothered with this level of detail. 

Zones 

The main panel will display a floor plan of the home, with a temperature setting in each room and 
color that is operational in the room at that time. This panel will be available for viewing when the 
clear cover is on so the user can tell how zones are identified. * 

Budget 

After entering all the data for their work schedule, the user will be prompted to enter budget data 
The user will be informed by the voice that the default for budget is that there will be no dollar 
amount, but the system will follow general standards for temperatures to allow energy 
conservation [13]. Energy Conservation measures will often decrease the ability of the system to 
maintain a comfortable temperature [4] so users should be made aware of this. Printed information 
in a guide to energy conservation will inform the user of physical changes they can make in their 
home and habits they can adopt to conserve energy. If the user enters a budget amount, the system 
will calculate the projected changes in temperature, and ask the user if they would like to see the 
projected effect of his budget on the temperatures allowed. Research shows that a 1% to 2% 
reduction in energy can be achieved if users know that they are being monitored [12] Other 
studies also show improvements with worker participation in conservation efforts [14] Therefore 
in a business environment, a graph of energy use should be displayed by the 'monitoring" menu ' 
displayed at all times. 

Air Quality 

If users have explicit needs for clean air, greater energy costs will be incurred filtering cold 
outside air, or forcing air through filters [2J. Comfort, health and energy savings are trade-offs that 
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need to be decided by the user [5] [8] [14], Business costs may be. hidden, however. Studies show 
significant savings from increased worker productivity and reduced absenteeism due to an 
environmentally healthy office space. Thus, air quality will be a high priority with businesses, and 
a real selling feature. It is also necessary to compensate for more efficient, air- tight buildings that 
have been constructed in the last few decades [9J-. These complex points will be explained in the 
manual and users will be referred to it in the interface. Thus, research indicates that Businesses 
may need to enter information about special conditions such as the use of toxic chemicals, 
temporary construction, heavy smoking, etc [6], But research shows that air cleaners and 
chemicals are effective only for dust and smoke. The best way to eliminate most indoor air 
pollution is to circulate outside air. If the problem is pollen, re-circulating indoor air is the 
solution. Thus different problems require a different response by the system [4]. Thus a menu of 
user health problems will be; needed to assign different priorities to the system. They will include: 
pneumatic sensitivity to dust, smoke, pollen, etc. 

A Final Consideration: Disability Accessibility 

All panels would be mounted halfway up the wall, to accommodate persons in wheelchairs, 
children or short people. All panels would have a partial voice option. Feedback of states would 
be verbalized by a synthesized voice, but there would be no voice recognition capability. Since 
possible actions by the user will be limited, and finger placement is directed by bright, flashing, 
colored lights, this relieves persons with limited vision or illiteracy problems from having to read 
the display. Individual displays have large, 24 pt. digital type. The modes on individual panels 
will be cued redundantly by position, color and the verbal label, thus accommodating visibility by 
persons who cannot read or see. 
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Proposed Criteria for Final Design 

Based on the three designs described in this document, and on the discussion above, the final design will 
be built largely from Design 3. Design 3 fulfills all the relevant criteria and specifications laid down for 
the Climate Control Device. While both Design 1 and Design 2 satisfied a large portion of the 
specifications, there were certain points left out of each that detracted from their overall performance. 
Listed below are some of the points that we feel should be included in the final design: 



1. The design should consist of a touch-screen based interface with multiple panels, and should also 
integrate a mechanical thermostat for easy access to current functionality. 

2. Information should be made available to the user through the use of audio-based communication, 
as well as through animation and text. 

3. The design should conform to guidelines of visual and spatial consistency. 

4. The user should be guided through the system by using icons, animations, and visual cues such as 
blinking fields. 

5. The design should also include the control of humidity and air- flow. 

6. The design should provide information about current climatic conditions in different zones. 

7. The device should be cost-effective 

8. The size of the device should be small enough so that it can be wall-mounted 
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About this document ... 

Programmable Climate Control - Design Document 

This document was generated using the LaTeX2HTML translator Version 0.6.4 (Tues Aug 30 1994) 
Copyright © 1993, 1994, Nikos Drakos , Computer Based Learning Unit, University of Leeds. 

The command line arguments were: 
Iatex2html climate-2 . tex. 

The translation was initiated by Yusuf Goolamabbas on Fri Nov 4 17:52:32 EST 1994 
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Introduction 

In^ationfwe had detailed in the IS document were valid, and thus should be adhered to. 

A, a result the design space for this project was somewhat constrained. Also, the very nature of the 
M^^!S^-in^ and output modalities such as pointing device., virtual environments, 
voice-recognition based menuing systems, etc. 

The three designs described below offer a wide range of design decisions, from a simple VCR-type 
button panel design, to a color-cued touchscreen-based multiple panel design. 
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